Abstract. The present study demonstrated a feasible approach of utilizing waste iron ore tailings (IOT) and epoxy resin (ER) in preparation for aerated concrete. The aerated concrete (ACT) prepared with IOT was prepared by mixing iron ore tailings of 60%, lime of 25%, cement of 15%, while aluminum powder of 0.4% and ER of 3% on the basis of the proportion of above powder. The compressive strength of the finished ACT samples with the volume density of 610 kg/m 3 were 3.39 MPa. The major mineral phase in ACT product were tobermorite-11A, C-S-H and quartz, and most of the cementitious phases were generating through hydrothermal reaction. Moreover, the incorporation of ER of 3% could improve the structure of the pore wall, and make this system become a spatial network structure. Further more, the current study provided a further method of consuming waste iron ore tailings.
Introduction
Tailing is a by-product of the metallurgical industry where metals such as iron, copper, lead, or aluminum, are purified or transformed. Depending on its chemical and physical properties, the tailing can be used in the construction industry as aggregate in granular bases, asphalt, and concrete mixes; as cement replacement, in embankments or fill applications [1] . Aerated concrete is a cellular building material, which was invented by Axel Eriksson in the early 20th century. To manufacture the aerated concrete, Portland cement is mixed with lime, silica sand or by-products from mine, water, and aluminum powder as a foaming agent to develop a foamed lightweight concrete structure [2] [3] . However, the application of aerated concrete is limited, because of its disadvantages including low water resistance, low impermeability and low durability.
This paper reports on a new type of aerated concrete prepared with IOT, and this type of aerated concrete could consume amounts of IOT. The application feasibility is investigated according to tests. What's more, the water resistance, impermeability and durability of aerated concrete are improved by waterborne epoxy resin. Furthermore, the impact of epoxy percentage on the mechanical properties of the aerated concrete is investigated, and its microstructure by means of X-ray diffraction and scanning electron microscopy is analyzed.
Materials and Methods

Raw Materials
In this experiment, ordinary Portland cement (OPC), quicklime (L) with the CaO of 98%, waterborne epoxy resin (ER) and aluminum power were used in the aerated concrete. The iron ore tailings (IOT) were supplied by corporation in Liaoning province. Table 1 shows the chemical compositions of IOT and OPC. 
Mixture Proportioning
In this experiment, the solid materials of aerated concrete were prepared by mixing IOT of 60%, L of 25%, OPC of 15%, while under the above circumstance, aluminum powder was 0.4% of the above ingredients. Then different percentage of ER were incorporated. Moreover, the ingredients were stirred in different water-solid ratios.
Test Procedure
The particle size of IOT was grinded to 80μm by a ball mill with standard balls. The solid materials, which were weighed according to the previous proportion, were mixed for 120s. The mixture was then mixed with water based on different W/S, and different percentages of ER which was acted as a modifying agent in a stirrer for 120s. The slurry was poured into the molds of a diameter of 50mm, which were allowed to foam and expand at room temperature, until they filled the whole of the molds. Then, the molds were cured at room temperature for 12h. The samples of harden green body were thus obtained, and were transferred into an hydrothermal reactor for the hydrothermal reaction at 200 ℃.After the hydrothermal reaction in the reactor for 8 hours, different samples of ACT were obtained, which were examined for the strength properties and characterized for the microstructures and phase compositions.
Results and Discussion
Compressive Strength Test Table 2 shows the experimental results as follows: ratios of water-solid (W/S) and epoxy resin (ER), the results of density (ρ) and compressive strength (σ). From Figure 1 , it can be observed that in condition of the same W/S ratio, the more ER dosage was, the higher the compressive strength of samples would be. And then, the compressive strength curve of solidified tailings bodies in Figure 1 also indicated that the sample with the W/S ratio of 0.6 reached the highest compressive strength when the dosage of ER > 2%. So it suggested that the solidifying performance of this group(W/S=0.6) was the best.
It can be observed from Figure 2 , in condition of the same W/S ratio, the more ER dosage was, the higher the density of samples would be. While the W/S ratio > 0.3, the density changed slowly. So it indicated that the dosage of ER would be proportion to the density of samples.
The compressive strength and density of samples with the W/S ratio of 0.6 would be superior to others. The reason why this phenomenon occurred was analyzed as follows: firstly, the low ratio of W/S would make cement hydration reaction and lime reaction incomplete, so the samples couldn't get enough strength before hydrothermal reaction. Secondly, the high ratio of W/S would make excessive water consumption, and the strength of samples would be reduced, since the excess water would result in water-bleeding and amount of stomata after evaporation, which have an adverse impact on the strength. Consequently, the appropriate ratio of W/S was necessary in this experiment.
Capillary Water Absorption Test
The water absorption curve of ACT is shown in Figure 3 , and the experimental procedure is as follows [4] [5] [6] :
(1) The size of the sample should be measured to the nearest 0.1mm at first. Then, the surface of sample should be sealed by ER except the upper and bottom surface. ( 2) The sealed sample should be taken at 50℃ for 24 hours into the drying cabinet, and then be dried to constant weight. Moreover, the weight of sample should be weighed to the nearest 0.1g after cooling to room temperature. (3) The sample should be put in the heated water tank which could keep the water at 20℃. Then water should be added into the tank to the position that keep 5mm from the bottom of the sample. (4) The sample should be dried with a towel every constant minutes and be weighed at once.
Samples with the W/S ratio of 0.6 were chosen in this test, they were weighed every 10 minutes at first, and then every 100 minutes after 100minutes from beginning. As a result of the well performance in waterproof and bonding properties, 3% ER was chosen in this test to improve the performance of ACT.
As is shown in Figure 3 , in condition of the same W/S ratio of 0.6, sample with 3% ER could absorb less water than samples without ER. It is indicated that the suitable dosage of ER might improve the waterproof performance of ACT. In order to confirm this view, stereomicroscope was used to observe the submicroscopic pores of ACT. The pictures of pores are shown in Figure 4 . The phenomenon was analyzed in the following reasons. On the one hand, ER which has perfect bonding properties could reduce the number of opening pores, and turn those opening pores to closed pores through clogging the openings. And the hole wall could also be reinforced by ER because of the bonding properties of ER. On the other hand, the incorporation of ER could get the inorganic nonmetallic material equipped organically characteristics. Consequently, the incorporation of ER improve the waterproof performance and flexible performance of ACT to some extent. Figure 5 shows XRD of ACT based on the W/S ratio of 0.6. From curve 1 to curve 5 of Figure 5 , it is shown that the content of tobermorite-11A is reduced with the increasing of the dosage of the ER. It is indicated that the high dosage of ER could do harm to the formation of tobermorite-11A, which could provide system with strength.
X-ray Diffraction Analysis
What's more, the quartz's 3 peaks with 2θ ranging from 50°to 61° were becoming fuzzy from curve 1 to curve 5 gradually, the 3 peaks almost disappeared in the curve 5 which contained 7% ER. It is indicated that the dosage of ER might have an advantageous effect on the transition of quartz's crystal phase during hydrothermal reaction. However, the quartz's transition did not promote the increase of other phases except Calcium Silicate, that is to say, the high dosage of ER bothered the atmosphere which could promote the increase of cementitious phase and other phases. That is why the content of cementitious phase of C-S-H is becoming increasingly less with the increasing of the dosage of the ER. Moreover, the reason why there is no Wollastonite-2M and Hatrurite phases occur could also be figured out according to the above analyses, since the high dosage of ER bothered the atmosphere which could promote transition of quartz's crystal phase during hydrothermal reaction with CaO, therefore, the large part of CaO became calcite and a small part of CaO became Calcium Silicate with quartz in process of hydrothermal reaction.
The Reinforced Mechanism of ACT
The SEM images of ACT are shown in Figure 6 , and two kinds of samples are compared as follows. As is shown in Figure6 (a), it is observed that there are much fibrous cementitious phase of C-S-H generating in this system, and other cementitious products grow among the reticular structure that the C-S-H created as well. While it is seen in Figure6 (b) that there are not so much fibrous cementitious phase of C-S-H as that in Figure 6 (a). It is indicated that the existence of ER might be harmful for the formation of C-S-H, and this analyses is also consistent with the XRD analysis results.
By contrast, the structure formed by overlap of hydration products and the high porosity could be observed from the microscopic morphology of ACT without ER. However, the space frame mesh structural system formed through interleaving development between the cured ER and other hydration products is observed from the microscopic morphology of ACT with 3% ER.
Further more, the formation of the intermittent, large pore mesh system is based on ACT system that without ER, while ACT system that with 3% ER could solve problems that referred to, since on the one hand, the incorporation of ER could provide ACT system with strength, on the other hand, it could improve the toughness and strength of the hole wall to achieve the inorganic materials with organic traits.
Conclusions
From the present study, the conclusions are drawn as follows:
1. The product with a compressive strength of 3.39 Mpa and a volume density of 610 kg/m 3 could be obtained with an optimized raw material composition of iron ore tailings of 60%, lime of 25%, cement of 15%, and desulfurization gypsum of 5% of the above ingredients with epoxy resin of 3% of the above ingredients based on the W/S ratio of 0.6 in laboratory.
2. The strength which the system of ACT got was benefited from C-S-H and a small part of Calcium Silicate created through hydrothermal reaction between IOT and CaO.
3. The system of ACT without epoxy resin contained a large number of opening porosity, while the incorporation of epoxy resin could make this system become a spatial network structure, which structure had a high compactness on the pore wall.
4. The high dosage of epoxy resin could not only prevent cement from hydration, but also do harm to the density of the system. 3% dosage of epoxy resin is recommended in this system while take cost factors into consideration.
